Background-A study was conducted to find out if pre-employment lung function at age 16 improved the estimation of that between ages 25 to 27 compared with the use of reference values based on smoking history, stature, body mass index, and other concurrent anthropometric variables.
The assessment of impaired lung function of occupational origin is imprecise if only one set of observations is available. This is because the normal levels (reference values) have wide confidence limits so that a value in the lower part of the range may be normal or represent an enhanced decline from a previous above average level. These alternatives can usually be separated if results of lung function tests are available from before the exposure. The difference between the two sets of observations will then reflect the ages at the times of measurements, the occupational and medical history, the exposure to tobacco smoke, and the variability of the measurements. The age at first assessment should preferably be after that at which lung function has attained the adult value; the subsequent decline can then be compared with the longitudinal reference value. The critical age is greater for peak expiratory flow (PEF) and vital capacity (VC) than for forced expiratory volume in one second (FEV1) and varies with circumstances; it is in the range 21 to 35 years, depending on the index,' and the smoking history.2 Age 25 is usually taken as the average.3 For workers in many potentially dusty occupations, however, no measurements of lung function are made subsequent to this age except after the onset of symptoms, but measurements are sometimes made at the first pre-employment examination at age 16 to 17. Thus the present study asks the question: Can lung function at age 16 be used to improve the accuracy of the prediction of lung function in early adult life? A positive result would be a strong reason for assessing and recording lung function at the first pre-employment examination in persons who might subsequently be exposed to occupational air pollution.
Subjects and procedures
The subjects were young men entering shipyard apprentice training school during the year after their 16th birthday. The total intake in the year the study started was 277 of whom 271 were assessed. Five were subsequently excluded, two because they were not Caucasians and three because they were asthmatic. All the subjects were seen initially within four months of the start of training as part of their pre-employment examination before beginning work in the shipyard. Subsequently, they were invited to attend for reassessment at intervals of one to two years up to around age 21, then for one 8 
STATISTICAL ANALYSIS
An Amdahl mainframe computer and the statistical package for the social sciences (SPSSX) were used. A 5% level of probability was accepted as significant. The statistical procedures included multiple regression analysis in which the variables were entered in the order of their contribution to the variance explained by the regression. Colinearity between stature and other anthropometric indices was avoided by suitable transformations that included the use of body mass index (body mass/(stature2)) instead of body mass. The other dimensional indices, including shoulder width and chest width, were standardised to the mean stature of the group by simple linear regression analysis. For purposes of analysis smoking was coded as yes or no at the time of each examination so no distinction was made between non-and ex-smokers.
Results
At initial assessment 24 subjects out of 266 reported one or more respiratory symptoms. Ninety five were current smokers and 49 were trainee welders or caulker burners. These 49 included significantly more smokers compared with the other tradesmen (59% and 30% respectively). After allowance for stature the smokers had larger FVCs and hence smaller residual volumes as a percentage of total lung capacity (TLC) compared with the remainder (mean values for FVC 5-18 1 and 5-02 1 respectively). The differences were independent of respiratory symptoms. The smokers had a lower % fat and the difference in FVC was no longer significant when % fat was included in the analysis. The smokers also had lower mean values for TLCO and Kco (TLCo/alveolar volume): the values in SI units were 11-2 and 11-7 for TLCO and 1-97 and 2-11 for Kco, for smokers and non-smokers respectively. These differences were independent of symptoms and of body dimensions and composition. Similarly, after allowing for stature the welders and caulker burners had larger residual volumes compared with the other tradesmen. They also had more respiratory symptoms but these did not contribute significantly to lung function.
The contributions of the several anthropometric and related indices to the description of the initial lung function was assessed by multiple regression analyses with indices standardised for stature; table 1 gives the equations derived for this purpose. After allowance for stature and smoking, the fat free mass/stature,2 and to a lesser extent the body mass index, contributed more to the description of the indices of forced expiratory flow (FEV,, PEF, and maximum expiratory flow at 50% FVC (MEF5o%FVc)) and TLCO compared with the other anthropometric variables. The chest width contributed to the description of VC and related t Units mmol min -' k Pa-' and 1-'.
t Calculated using inspiratory vital capacity and residual volume. The initial sample showed evidence for possible self selection of smokers who had a relatively large initial FVC but these features may have been a consequence of smoking as it was related to a relatively low % fat, known to result from smoking. 9 The smokers also had a low initial TLCO and above average declines in FEV,%, FEFs at low lung volumes, and transfer indices; these features were consistent with previous work.' IO1 The finding that the trainee welders and caulker burners had an increased RV and included an increased proportion of smokers compared with other tradesmen is also consistent with previous experience.'2 Only 17 of these men attended the final follow up, however, and by then most of them had been made redundant from the shipyard and were no longer working at their trade. Thus the effect of trade was unlikely to have contributed to the present findings, and they might therefore be expected to apply equally to young men in other heavy industries as well as to shipbuilding.
At the initial examination the absolute lung function was on average some 10% greater than that predicted from equations derived for children up to the age of 16.'3 This finding is reasonable as the present subjects were somewhat older and might have been expected to be relatively robust. The present initial results were also representative in the proportion of variance that was explained by the regression equations. The proportion explained in the final results was somewhat less. The reasons for this seemed not to include differences in the time of attaining adult lung function as the proportion of explained variance in the final FEVy, which reached a plateau fairly early in adult life, was much less than that in the FVC, which reached a plateau later. Although final lung function had relatively wide confidence limits, the final levels were correlated with the initial levels and the changes between the surveys were correlated with the changes in stature or other reference variables. On this account the final levels could be described with greater accuracy in terms of initial lung function and the anthropometric variables together than by the anthropometric variables alone. The improvement was in all instances appreciable but especially so for those indices where the correlation with the dimensions was weak. This finding was consistent with expectations'4 and recently a similar result was reported elsewhere. '5 In the present study each index varied independently and no one index could be taken as representative; thus the use of FVC as a marker improved the estimation of FVC and those indices to which the FVC made an important con- 
